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Introduction
Numerous ternary carbides o f the lanthanoids or actinoids with transition metals were reported in recent years [1, 2] , As examples we list the car bides with nickel as the transition metal com po nent: Sc3NiC4 [3] , ScNiC2 [4] , the series LnN iC 2 with Ln = Y and all the lanthanoids with the ex ceptions of Pm and Eu [5] [6] [7] , Ln2Ni22C3 with Ln = La, Ce, Pr [8 ] , La2N i5C3 [2, 9] , Er4N i13C4 [10] , Th2NiC2 and T h3N i5C5 [11] , Th4N i3C6 [12] , U N iC 2 [13] and U 2N iC 3 [14] . With an alkaline earth metal as the electropositive com ponent to our knowl edge only the three magnesium com pounds with perovskite (C aT i0 3) structure M gNi3C [15] , MgCo3C [16] , and M gPt3C ,_x . [17] have been re ported. We have now included calcium in our investigations and report here on C aPd3C with perovskite structure and Ca4N i3C5 which crystal lizes in a new structure type. Preliminary reports about the crystal structures of Ca4N i3C 5 [18] and CaPd3C [12] were given before.
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Sample Preparation, Properties, and Lattice Constants
Starting materials were granules of calcium (Ventron, >99.5% ), powders of nickel (Ventron) and palladium (Degussa), both with stated purities > 9 9 .9 % , and graphite in the form of flakes (> 99.5% ). The calcium granules were melted in iron tubes under argon and calcium filings were prepared from the resulting ingot under dried (Na) paraffin oil. The paraffin oil was washed away by dichlormethane. The filings were not allowed to contact air prior to the reactions. The powders of the elemental components were pressed to pellets of between 0.2 and 0.5 g and carefully ignited in an arc-melting furnace. To insure homogeneity, the resulting buttons were turned over and melted again.
While C aPd3C was already observed in the arcmelted, quenched buttons, the quenched samples o f the C a -N i-C system contained only CaC 2 and the known binary calcium-nickel com pounds [19] . The new ternary carbide Ca4N i3C 5 is formed only after annealing at 500-700 °C. The buttons were wrapped in tantalum foils and annealed in closed silica tubes under argon for periods of up to six weeks. The best samples thus obtained contained a m inor am ount of CaO as the only impurity. Ener gy dispersive analyses in a scanning electron mi-croscope showed no impurity elements heavier than sodium.
Smooth surfaces of Ca4N i3C5 have metallic lustre with a reddish tint. The powders of Ca4N i3C 5 and C aPd3C are black. Well crystallized samples o f Ca4N i3C5 can be kept in air for a few days; in powdered form this compound reacts readily with air and it must therefore be kept under dried paraffin oil or under argon. Apparently be cause of its high palladium content C aPd3C is much more stable and can be stored in air at least for several weeks.
The magnetic susceptibilities / of a Ca4Ni3C5 sample were investigated in a SQUID magnetome ter at various tem peratures and field strengths B. The absolute y values were small and temperature independent. However, the / vs. 1/B plots were li near, indicating the presence of a ferromagnetic impurity. After correction for this impurity (by ex trapolation to 1/B = 0) the / values indicated tem perature independent diamagnetism with / = -12(±5)x 10 9 m 3/m ol.
The samples were characterized through Guinier powder patterns with a-quartz (a = 491.30 pm, c = 540.46 pm) as standard. To ensure proper as signment o f indices the observed patterns were compared with the calculated ones [2 0 ] and the lat tice constants were refined by least-squares fits. For the monoclinic structure of Ca4 Ni3C5 the val ues are: a = 1108.7(3) pm, b = 377.1(1) pm, c = 983.9(2) pm, ß = 112.58(2)°, V = 0.3798 nm 3.
Crystal Structure of CaPd3C
The powder pattern of C aPd3C was readily re cognized to be cubic. The lattice constant is a = 414.1(2) pm. Isotypy with the perovskite carbides, e.g. Ti3AlC [21] was expected. This was confirmed by the intensity calculation for the powder pattern (Table I ) assuming the ideal perovskite structure with Ca, Pd, and C on the positions la) 0 ,0 ,0 , 3 c) 0, 1/2, 1/2, and lb) 1/2, 1/2, 1/2 of space group Pm 3 m. The diffraction lines of C aPd3C were rather broad. Since the sample was brittle and easily ground to a powder this indicates a hom o geneity range. A binary phase C aPd3 with C u3Au type structure does not exist, thus C aPd3C is a true ternary compound. 
Structure Determination o f Ca4Ni3C5
Crystals of Ca4N i3C5 were isolated from the crushed arc-melted and annealed buttons. They were investigated in precession and Weissenberg cameras. M ost of them were of poor quality. Ap parently their perfectness was destroyed when the buttons were crushed. They showed monoclinic symmetry. The extinctions were compatible with the space groups C2, Cm, and C 2/m of which the centrosymmetric group C 2 /m was found to be cor rect during the structure determination. There are two formula units per cell.
Intensity data of a crystal with dimensions 10x 15x 60//m 3 were collected in a four-circle diffractom eter with graphite-m onochrom ated M o K q : radiation, a scintillation counter with pulse-height discriminator, 0 /2 0 -scans, and back ground counts on both ends of each scan. A total of 4662 reflections were measured in the whole re ciprocal sphere with 2 6 up to 80°. An empirical ab sorption correction was applied with the DIFABS program [22] , After data averaging (R, = 0.093) and omission o f weak reflections with I0 < 3cr(I0) 208 structure factors remained for the structure determ ination.
The positions of most metal atoms were de duced from a Patterson synthesis, the other atoms were located in difference Fourier syntheses. The structure was refined by full-matrix least-squares cycles with atomic scattering factors [23] , corrected for anom alous dispersion [24] , A param eter ac counting for isotropic secondary extinction was re fined. Weights were according to the counting sta tistics. To check for deviations from the ideal com position, occupancy param eters were refined in one series of least-squares cycles. N o significant deviations from the ideal occupancies were found. The final conventional and weighted residuals are R = 0.046 and Rw = 0.053 for 208 structure factors and 31 variable param eters. The final difference Fourier synthesis gave no indications for the occu pancy of additional atom ic sites. Atomic param e ters and interatomic distances are given in Tables II and III. A projection of the structure and the coordination polyhedra is shown in Fig. 1 . A listing of the structure factors is available*. (2) 282 (2) 4 C a (l) 317.7(3) 2 N i(2) 302.8 (2) Ni (2): 1C (1) 183.4(3) 1 N i(2) 312.0(6) 1 C (3) 187 (2) 1 Ni(2) 317.4(3) 2 N i(l) 263.1(2) 2 N i(l) 317.7(3) 2 C a(2) 291.6(4) 2 C a (l) 372.1 (6) 2 C a (l) 302.8(2) 1 Ca (2) 372.7(5) lC a ( l ) 312.0(6) 2 C a (l) 377.1 (1) lC a ( l ) 317.4(3) 2 C a(2) 379.8 (4) C (l): 2 N i(2) 183.4(3) 1 Ca (2) 402.1(1) 2 N i(l) 188.6(1) Ca(2): 1 C (2) 261 (1) 2 C a (l) 255.7(3) 2 C (2) 269 (2) C (2): 1 C(3) 120(2) 2C (3) 284 (1) 1 Ca (2) 261(1) 2 N i(2) 291.6(4) 2 C a (2) 269(2) 1 Ca(2) 352.0(4) 2 C a (l) 282(2) 2 C a(2) 369.0 (4) C (3): 1 C(2) 120(2) lC a ( l ) 372.7 (5) 1 N i (2) 187 (2) 2 C a(2) 377.1(1) 2 C a (l) 256(1) 2 C a (l) 379.8 (4) 2 C a(2) 284(1) lC a ( l ) 402.1(7)
Discussion
Ca4N i3C5 crystallizes with a new structure type. All atom s are situated on m irror planes. Both Ca atom s have five carbon neighbors at distances ranging from 256 to 284 pm. The average C a -C distances are surprisingly different: 266 pm for C a(l) and 273 pm for Ca (2) . Somewhat in com pensation, the Ca(2) atom s have only two Ni neighbors although at the relatively short distance of 292 pm, while the six Ni neighbors of the C a(l) atom s are slightly further away: 303 to 318 pm. In addition the C a(l) atom has eight and the Ca(2) atom has nine Ca neighbors. The C a -C a distances range from 352 to 402 pm. Considering that cal cium is by far the m ost electropositive element in the com pound, the C a -Ca interactions should hardly be considered as bonding; nevertheless most o f these distances are shorter than the bond ing C a -C a distances of 395 pm in the fee modifi cation of elemental calcium [25] , Both Ni atoms have two carbon neighbors at the bonding distances of 183 to 189 pm. In addi tion the N i(l) atom has four Ni(2) neighbors at 263 pm, while the Ni(2) atom s obtain two N i(l) neighbors (at the same distance). The four Ca neighbors of the N i(l) atom s are at 318 pm, while the six Ca neighbors o f the Ni(2) atom s are all at shorter distances (from 292 to 317 pm)! This dis crepancy can be rationalized by the larger number of Ni neighbors in the coordination sphere of the N i(l) atoms.
The C (l) atom s have four Ni neighbors forming a slightly distorted square, two additional Ca neighbors on opposite sides of the square augment this coordination to distorted octahedral. This is a quite common coordination for carbon atom s in carbides of related composition. It occurs for in stance in L aM nn C2 [26] and in the two stacking variants Pr2M n 1 7C 3 [27] and T b2M n 17C 3 [28] , The C(2) and C(3) atom s form pairs with a C -C bond distance of 1 2 0 pm corresponding to a triple bond like the C2 pairs in C aC 2 [29, 30] . This is reasonable considering that the C(2) atom s additionally have five Ca neighbors and the C(3) atom s have four Ca neighbors and one Ni neighbor.
Considering the electropositive character of cal cium we assume that the Ca atom s have trans ferred their two valence electrons to the nickel-car bon polyanion. This polyanion is one-dimensionally infinite with the bond distances as shown in Fig. 2 . It is well known that in molecular metalorganic com pounds the transition metals frequently obtain 18 valence electrons, the inert gas shell. For the carbon atom s the electron count o f 8 (octet rule) is almost always fulfilled. In the lower part of Fig. 2 we show a possible valence electron distri bution for the [Ni3C5]"8"~ polyanions which is in agreement with these rules. The N i-C bond dis tances of between 183 and 189 pm are in reasona ble agreement with the N i-C bond distance of 18 4 ± 3 pm in N i(C O) 4 [31] . The N i(2)-C (3) bond distance of 187 pm certainly has to correspond to a two-electron bond, since the C(3) atom forms a tri ple bond with the ideal bonding distance of 120 pm to the C(2) atom . Even though the four Ni atom s surrounding the C (l) atom are coplanar with the C(1) atom , the total bond order (cr plus n bonding) of the C (l) atom s to the Ni atom s has to be four, if the octet rule is to be obeyed. The we have to count three electrons for each N i-N i interaction. In view of the rather large N i-N i bond length the overlap of the corresponding o r bitals must be considered to be rather weak. Cer tainly all electrons are paired, since the com pound is diamagnetic. In the perovskite carbide C aPd3C the carbon atom s are most likely occupying those octahedral voids which are formed by the transition metal (Pd) atom s only, as was recently shown by a single crystal structure refinement of T hR u3C [12] . A de tailed discussion of the bonding situation in the [Pd3C]"2"-polyanions is difficult, because of the high coordination numbers of the carbon and the palladium atoms. The carbon atom has six Pd neighbors at 207.1 pm and each Pd atom has eight Pd and four Ca neighbors at the same distance of 292.8 pm in addition to the two C neighbors at 207.1 pm.
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